I
deally physicians should be able to apply the American Joint Committee on Cancer (AJCC) staging system for prostate cancer to estimate the risk of cancer recurrence and survival. Historically, tumor (T) classification, lymph node (N) status, and the presence of metastases (M) have been the cornerstones of staging for solid tumors. Unfortunately, the exclusive use of the current TNM staging system has limited relevance to predicting outcome and directing therapy for men with clinically localized prostate cancer. In part, this limitation is because nearly 75% of men who currently are diagnosed with clinically localized prostate cancer have nonpalpable disease, and the incidence of lymph node involvement is <4% in men who undergo radical prostatectomy. 1 Most clinicians agree on how to identify which patients have the lowest and highest risk of developing a disease recurrence. It is the intermediate AJCC subset that is most heterogeneous in terms of outcomes, including biochemical failure and survival. Clearly, the current staging system is inadequate and could be improved by incorporating reproducible prognostic factors. In this article, we propose a change in the AJCC staging system that improves its relevance to newly diagnosed patients with prostate cancer. In doing so, we hope to improve the ability of physicians and patients to communicate, compare outcomes, and select the most appropriate treatment. By accomplishing this feat, we hope to foster greater uniformity when multi-institutional comparisons are made.
Recent studies have shown that the serum level of prostate-specific antigen (PSA) is associated with the presence of occult prostate cancer, even in men with normal levels. 2 More than 10 years ago, it also became clear that the pretreatment PSA (pPSA) level was the most important predictor of biochemical (PSA) recurrence after radiotherapy. For >10, years it has been known that the Gleason score (GS) was the most important predictor of death. 3, 4 Recognition of the value of combing these 2 factors with T classification to create prognostic risk groups followed shortly thereafter. [4] [5] [6] [7] Over the last few years, PSA has been confirmed as an important predictor of mortality from prostate cancer. [8] [9] [10] [11] [12] Ideally, a large, multicenter, prospective registration trial should be used to define and validate a new staging system. In the meantime, we believe that there are enough data currently available to justify practical changes to the AJCC system. Herein, we suggest some characteristics of a new staging system based on literature published in major peer-reviewed journals that incorporate the best evidence available and the current practice patterns.
MATERIALS AND METHODS

Evidence Supporting the Incorporation of PSA and GS
The comparative analysis presented here was based on data from 912 patients who received treatment for localized prostate cancer between 1987 and 1998 at the University of California San Francisco and at the University of Michigan. 13 Patients with metastatic disease who received radiation therapy up to a maximum dose <60 grays (Gy), who received neoadjuvant or adjuvant hormone therapy, or who had no PSA follow-up after external beam radiotherapy (EBRT) and patients with missing pPSA, GS, or T classification information were excluded from this analysis. To evaluate biochemical failure, patients who had <2 years of follow-up from the end of EBRT who did not have evidence of biochemical, local, or distant disease recurrence also were excluded. The early failures or deaths that were caused by prostate cancer were included, thus minimizing the risk of inflating early estimates of freedom from PSA failure (FFPF). This resulted in a cohort with complete information on pPSA, GS, and T classification and with adequate follow-up, with 95% of the patients treated prior to 1997, so that all patients could be classified by multiple risk definitions to compare differences in outcome. The distribution according to AJCC stage, T classification, GS, and pPSA is presented in Table 1 .
The median follow-up from the end of EBRT for surviving patients was 69 months with 47% of patients surviving for >6 years and 24% surviving >8 years. Regular PSA follow-up measurements were obtained approximately every 3 to 6 months. Patients were treated with either conventional (21%) or 3-dimensional (3D) conformal radiotherapy (79%), as determined by their physician, to maximum doses that ranged from 60 Gy to 87.3 Gy. The median maximum dose was 70 Gy for conventional radiotherapy and 70.4 Gy for 3D conformal radiotherapy.
The American Society of Therapeutic Radiation Oncology consensus definition of biochemical failure, which requires 3 consecutively increasing PSA measurements, was applied to determine FFPF. 14 According to this definition, the date of failure was modified to be the midpoint between the first of the 3 rising PSA levels and the date of the PSA obtained prior to the 3 rising values. Failures also included 
Statistical Analysis
The Kaplan-Meier product-limit method was used to estimate the probability of biochemical failure and survival. 15 The log-rank test was used to formally compare the distributions of time to failure for subsets of the AJCC staging groups or according to the newly proposed staging system. In an attempt to develop a new staging system that expanded the AJCC staging system beyond the current method, which is based primarily on T classification, multivariate analyses were conducted. A Cox proportional-hazards model with a stepwise forward technique was used to evaluate T classification, GS, and pPSA simultaneously as predictors of OS, DSS, and FFPF. 16 These 3 potential predictors were treated categorically so that we would be able to define subsets of these features for patients who had a comparable risk of failure. GS and pPSA were not considered as continuous variables, because this would be assuming a constant proportional-hazard ratio over the range of values. Indicator variables were used for each of these 3 factors by using traditional cut-off points (T1-T2 and T3; GS 2-6, GS 7, and GS 8-10; and pPSA <10 ng/ mL, from 10 ng/mL to <20 ng/mL, and !20 ng/mL). The patients who were included in this analysis were classified initially according to the 1997 fifth edition of the AJCC classification system, in which stage I includes patients with T1a tumors and a GS from 2 to 4; stage II includes patients with T1a tumors and a GS from 5 to 10 and patients with T1b, T1c, or T2 tumors; and stage III includes patients with T3 tumors). 17 The likelihood ratio (LLR) test was used to compare models to determine which factors were significant, independent predictors of outcome. Subsets were combined based on nonsignificant log-rank tests to identify subsets of patients that had a similar risk of death or biochemical failure.
RESULTS
Only 0.6% of patients were classified with AJCC stage I disease, and 16% were classified with AJCC stage III disease; thus, the majority of patients were classified with AJCC stage II disease (83.4%). Because only 5 patients were classified with AJCC stage I disease, this subset is not included in the statistical comparisons described below. FFPF, DSS, and OS differed significantly between AJCC stage II and stage III (P < .0001 for all 3 endpoints). The 5-year estimates of FFPF, DSS, and OS for patients with AJCC stage II disease were 54%, 96%, and 87%, respectively; for patients with AJCC stage III disease, the FFPF, DSS, and OS estimates were 18%, 83% and 71%, respectively. Further discrimination within AJCC risk groups II and III also can be observed by considering the 3 GS subsets (2-6, 7, and 8-10) within each T-classification group. Again, significant differences in FFPF, DSS, and OS were observed for patients with AJCC stage II disease (P < .0001, P ¼ .0004, and P ¼ .0001, respectively). This indicates that the AJCC stage II group represents pooled subsets of patients with variable outcomes. For patients with T3 disease, the patients with AJCC stage III disease, a difference in FFPF according to GS occurred (GS 2-6 vs 7 vs 8-10; P ¼ .01). Death occurred at the same rate among the T3 subsets, reflecting the fact that 82% of the patients were diagnosed with a GS !7 and/or a pPSA !20 ng/mL.
The AJCC staging groups were also subdivided according to pPSA (<10, from 10 ng/mL to <20 ng/ mL, and !20 ng/mL). Again, the inclusion of pPSA demonstrated that the current staging system is inadequate, as indicated by the significant differences in FFPF, DSS, and OS for the patients with AJCC stage disease caused by their pPSA level (P < .0001, P ¼ .0003, and P ¼ .0003, respectively). A difference in biochemical failure also can be observed between pPSA <20 ng/mL and PSA !20 ng/mL in patients with AJCC stage III disease (P ¼ .002).
Multivariate analysis indicated the strong independent statistical significance of T classification, GS, and pPSA in predicting FFPF (model LLR test: P<.0001). Analyses were repeated with the outcome variables changed to reflect later endpoints in disease progression; again, the results indicated the independent, statistically significant benefit of a T1 or T2 tumor classification and a pPSA level <20 ng/mL in predicting DSS and OS (model LLR test: P < .0001 for both endpoints). Among the patients with AJCC stage II disease, controlling for the T-classification effect, both GS and pPSA were significant independent predictors of all 3 outcomes (model LLR tests: FFPF, P < .0001; DSS, P ¼ .0005; OS, P < .0001). Among the patients with AJCC stage III disease, which is the T3 group, pPSA levels !20 ng/mL and a GS from 8 to 10 were significant independent predictors of poorer FFPF (model LLR test: P ¼ .0006). Receiving a diagnosis of T3 disease, regardless of GS or pPSA, indicated poor DSS or OS.
Combinations of subsets according to T classification, GS, and pPSA for patients with AJCC stage II and stage III disease were defined by using the results for predictors of DSS that were identified in the Cox multivariate model described above. There was no difference in DSS among patients who had T1 or T2 tumors and a GS from 2 to 6 between those with a pPSA level of <10 ng/mL and a pPSA from 10 ng/mL to <20 ng/mL (P ¼ .60). The final combination of subsets was based on nonsignificant log-rank tests, resulting in 3 distinct new risk groups (Table  2) , hereafter referred to as the new stages. This new staging system is predictive of OS, DSS, and FFPF (log-rank test; P<.0001 for all 3 endpoints) and does not indicate a strictly additive model of predictors.
By applying this new system, 28% (rather than 0.6%) of contemporary patients would have a more favorable outcome with 5-year estimates of FFPF, DSS, and OS for patients with newly diagnosed stage I prostate cancer of 72%, 98%, and 89%, respectively (data not shown). In addition, 26% of patients would be identified as having an increased risk of failure compared with the AJCC stages. Only 47% of patients would be classified similarly by both staging systems, and this would include all patients with T3 tumors (16%). The shifts in classification are limited to all but 1 patient with AJCC stage II disease. As is shown, the new staging definition, as shown in Figure 1A , 1B, and 1C), identifies a greater proportion of the patients with AJCC II disease who would be at a reduced risk of failure and death than would be anticipated by the current AJCC criteria. Distinct prognostic subsets can be identified within AJCC stage groups II and III based on GS and pPSA. Among patients who had AJCC stage II disease with an overall 5-year DSS probability of 96%, there was a significant difference when the new staging system was used for the analysis (P ¼ .005). The 5-year estimates of DSS for the 3 new stages (1 through 3) were 98%, 98%, and 93% (Fig. 1C) . This new staging system also indicated a significant difference in FFPF with 5-year estimates for the new stages of 72%, 52%, and 37% (Fig. 1A) , respectively, and a significant difference in OS, with 5-year estimates of 89%, 92%, and 81% (Fig. 1B) for patients with AJCC stage II disease (P < .0001 for each). All of these T3 patients are at increased risk of failure, but a subset of them with a GS from 8 to 10 and pPSA !20 ng/mL was identified that had a poorer outcome, especially in terms of FFPF (P ¼ .003) and DSS (P ¼ .01). Among patients with AJCC III who had an 18% FFPF at 5 years, this higher risk subset of the new stage III patients had a significantly poorer outcome, with an only 10% FFPF rate at 5 years compared with 20% for patients who did not have both of these unfavorable features at diagnosis (data not shown). Similarly, with an overall 83% 5-year DSS rate, the estimate was 71% for the higher risk subset compared with 86% for the remaining AJCC stage III (T3) patients. Thus, this new staging system has identified subsets of patients within both the stage II and stage III AJCC groups that had similar outcomes and who are at greatest risk of failure.
DISCUSSION
Despite the widespread recognition of serum PSA as a marker for the presence of disease, for the extent of disease, and as a prognostic factor for recurrence and death, to date, the PSA level has not been incorporated into the current staging system. Similarly, GS not only has been known as a predictor of pathologic stage but may be the most important predictor of death from prostate cancer. It, too, largely has been ignored in the current AJCC staging system. Because of widespread PSA screening, the predominance of nonpalpable (T1c) disease, and declines in the use of transurethral resection of the prostate, this staging system may no longer be adequate for classifying contemporary patients. In particular, patients with AJCC stage I prostate cancer (clinical stage T1a with a GS from 2 to 4) rarely are diagnosed, so that newly diagnosed patients essentially are being classified as either having or not having clinical stage T3 disease (palpable extension beyond the prostate). Thus, as the frequency of diagnosing clinical T3 tumors decreases, the majority of currently diagnosed patients are classified as with AJCC stage II prostate carcinoma, and these patients do not have a uniform prognosis. For this group of patients, other disease features, including GS, pPSA levels, and the percentage of positive biopsies, are strong, independent predictors of pathologic stage and outcome. This has led to the practice of combining these and other features to identify subsets of patients with similar outcomes.
There is general agreement about how to identify patients at the lowest and highest risk of disease recurrence. It is the intermediate AJCC subset that is most heterogeneous in terms of outcomes, including biochemical failure and survival. Clearly, the current staging system is inadequate and could be improved by incorporating these reproducible prognostic factors. The objective of this article was to propose a change in the AJCC staging system that would improve its relevance to patients who are newly diagnosed with prostate cancer. In doing so, we hope to improve the ability of physicians and patients to communicate, compare outcomes, and select the most appropriate treatment.
A Practical Solution Based on the Standard of Care?
Currently, there is a compelling body of evidence to support the notion that pPSA and GS should now move beyond risk-stratification systems and also should be incorporated into our staging system. In response to the shortcomings of the current AJCC staging system for prostate cancer, the medical community, in a sense, has voted with their feet. Risk stratification has become the mantra for predicting FIGURE 1. Among patients with American Joint Committee on Cancer stage II (AJCC II) prostate cancer, who have an overall 5-year disease-specific survival (DSS) probability of 96%, there was a significant difference according the analysis with the new staging system (P ¼ .005). The new system also indicated significant differences in freedom from prostate-specific antigen failure (FFPF), with 5-year estimates for new stages I through III of 72%, 52%, and 37%, respectively (A), and significant differences in overall survival (OS), with 5-year estimates of 89%, 92%, and 81% (B), respectively (P < .0001 for each). The 5-year estimates of DSS for new stages I through III were 98%, 98%, and 93%, respectively (C). EBRT indicates external beam radiotherapy.
prognosis and for directing therapy. Tables 3 and 4 summarize the criteria used to define patients who are considered to be at low risk of recurrence and death from several radiotherapy series. It can be seen in Table 3 that there is remarkable consistency among investigators from the United States, Australia, and Canada, with the last group formally reaching a consensus. 38 Although they are not quite as uniform, definitions of intermediate-risk disease also are very similar. Even investigators who have chosen to use equations or nomograms, as shown in Table 4 , yield similar end results when they examined pa- tients with PSA levels <10 ng/mL, GS 6, and T1 or T2 tumors; thus, there is relatively little controversy about this category. With the growing use of risk stratification in both the current literature and in the language of clinical practice, the staging system here proposed is consistent with practice and improves on the current AJCC system without being overly complicated.
In the current analysis, we did not include the percent of positive cores despite a plethora of publications supporting the independent prognostic significance of this variable, because we do not possess such data. 23, 24, [39] [40] [41] We recognize, however, that this growing body of literature suggests that, some time in the near future, such information may be useful for defining subcategories within the staging system. Until that day comes, we believe that incorporating the major clinical features described above would be an important step forward that is supported by a preponderance of the available clinical evidence.
In conclusion, every major recent series that has reported prostate cancer outcomes used a risk-classification scheme based on PSA and GS in addition to clinical T classification. None of the recently published series have reported outcomes using the current AJCC staging system. Now, we believe that it is time to incorporate the well recognized prognostic factors discussed here into a new staging system and that our proposed system represents a reasonable starting point.
